Introduction
The bean (Phaseolus vulgaris Lam.) is a native legume of the Americas, and is an important protein source in the diet of the world's population. In Brazil, the world's largest bean producer, the area occupied by the crop of first, second and third harvests account for around 3.36 million hectares according to data from the Companhia Nacional de Abastecimento -CONAB for the year 2014, with production estimated at 3.56 million tons; of this total, more than half is made up of the carioca trade group, which is preferred by consumers in the South Central region of the country (CONAB, 2014) .
In Paraná agriculture (the largest producer in the country), the bean is a major concern. It is the fourth culture in planted area and is mainly cultivated by small and medium producers, demanding family work and hired labor (SEAB, 2012) .
However, the bean plant is susceptible to many diseases caused by fungi, bacteria and viruses transmitted internally and externally to the seed during the storage period in the field and that can directly influence its quality. Therefore, their productivity can be affected since there is a reduction in germination with a loss of seed vigor and deterioration of the same, given that poor seed quality is one cause of low productivity of bean crops in Brazil (SILVA et al., 2008) .
Among microorganisms, fungi and bacteria that attack the bean seeds constitute important dissemination vehicles and the introduction of pathogens in an area. Thus, the seed is the appropriate structure to undergo processes or receive substances suitable for the preservation or improvement of their performance (seed treatment). However, bactericides and fungicides that are currently available for the treatment of seeds present major problems of environmental and human contamination and, because they are synthetic, their use is prevented in the organic sector. Thus, combined with global environmental awareness, research on natural control alternatives related to the preservation of beneficial fauna and elimination of their natural enemies has expanded greatly (MIGLIORINI et al., 2012) .
Alternatively, it is necessary to seek sustainable ways of controlling diseases in various crops such as extracts and essential oils from plants with fungicidal and bactericidal properties in order to control phytopathogenic microorganisms associated with seeds.
Among vegetables with the potential to act as an antimicrobial is moringa (Moringa oleifera Lamarck). Essential oils, aqueous and methanolic extracts of this plant have shown positive results in the elimination of pathogens (fungi and bacteria) in experiments conducted mostly in vitro. However, despite the proven antimicrobial activity of many essential oils, they can also interfere with seed germination because they have allelopathic activity and have been used as antimicrobials in substrate germination or seed treatment. Grosso et al. (2010) emphasized that mono-and sesquiterpenes, the main constituents of essential oils, can affect physiological processes in plants.
Therefore, to be effective in eliminating pathogens transmitted by the seed, an essential oil should present toxic effects to pathogenic microorganisms and should not adversely affect the physiological potential of the seeds as determined by germination and vigor tests.
In seed technology, isoenzymes play a critical role in the identification of processes that lead to understanding the physiological condition of the seeds; they can be used as molecular markers to elucidate events that occur during the germination process (ALBUQUERQUE et al., 2009 ) and may, in some cases, help in understanding the cause of reductions in vigor and viability (GALVÃO et al., 2014) .
Among the most studied enzymes as physiological quality markers are those that work in the respiratory process, such as alcohol dehydrogenase; enzymes with specific functions in lipid metabolism such as the esterases and isocitrate lyase (ZORATO et al., 2007) , and those which perform an important role in the response to oxidative stress, such as superoxide dismutase (CAETANO et al., 2005) In this way, the aim of this work was to evaluate the action of different doses of the essential oil moringa on germination, vigor and isoenzyme activity by electrophoresis in bean seeds of the Colibri and Campos Gerais cultivars.
Material and Methods
For the experiments, the Agronomic Institute of Paraná -IAPAR provided bean seeds of the Carioca commercial group certified (C2) and produced in northern Paraná from the 2013 harvest. Among the seven cultivars IAPAR 81, IPR Andorinha, IPR Campos Gerais, IPR Colibri, IPR Tangará, IPR Curió and IPR 139 it was decided to choose only two thatpossessed distinct germination and viability and met the MAPA specification (BRASIL, 2005) for marketing C2 seeds.
In order to select two cultivars to receive treatment with essential oil, the physiological potential and sanitary quality of seven bean cultivars of the carioca commercial group were evaluated, the results of which are shown in Table 1 . In order to receive the different treatments containing doses of essential oil of moringa, beans from the carioca commercial group were selected (IPR Colibri and IPR Campos Gerais) that presentedsimilar percentages of contamination by fungi of the genera Rhizopus sp., Penicillium sp., Fusarium sp., Alternaria sp., Aspergillus flavus, Aspergillus ochraceus and Aspergillus niger after testing for quality assessment of health (blotter test method) -RSA (BRASIL, 2009) and different physiological potentials, thus justifying the need for seed treatment for protection against pathogens.
Treatment of bean seeds
The essential oil of moringa leaves was obtained by the Clevenger type of extractor and its compounds were characterized using gas chromatography-mass spectrometry at the Chemical Institute of USP.
An emulsion was prepared containing sterile distilled water and Tween 80 (0.5%) in volumes of 100, 99.95, 99.90, 99.80 and 99.60 The bean seeds and treatments were placed in plastic bags and submitted to manual agitation for 3 minutes, then left to dry at room temperature and subjected to the vigor and viability tests.
Viability and vigor of seeds after treatment with essential oil
Viability and vigor tests of treated seeds (% germination, germination speed index, first count, emergence percentage and emergence speed index) were performed following the methodology of RSA (BRASIL, 2009 The germination test was conducted using eight samples of 50 seeds and a germination chamber of BOD at a temperature of 25°C with a photoperiod of 12 h/light on germitest paper. To this end, we used three sheets of paper to form a roll that had been moistened with 2.5 times its weight in distilled water before sowing, according to RSA (BRASIL, 2009 ).
The first count,which was conducted jointly with the germination test, considered normal seedlings on the fifth day after sowing (those with all of the essential structures well developed, complete and proportional were considered to be normal seedlings). The results for germination percentage and first count were expressed as percentages.
The germination speed index (GSI) followed the methodology of Maguire (1962) , which calls for adoption of the equation: GSI = G1 / G2 + N1 / N2 + ... + Gn Nn, where G1, G2, and Gn are the number of germinated seedlings computed in the first, second and last count, respectively, and N1, N2, and Nn are the number of days from sowing to the first, second and last count, respectively.
In September 2014, in order to determine the field emergence and emergence speed index (ESI), four replicates of 50 seeds were used in each treatment described, sown in rows 1.2 m apart between 0.4m lines and with 15 seeds per meter. The counts to determine the GSI were performed daily until the 15th day after sowing, considering seedlings that had cotyledons above the ground, in the open position, releasing the primary leaves.
The emergence speed index (ESI) was calculated as described by Nakagawa (1994) , where ESI = E1 / E2 + N1 / N2 + ... En / Nn. E1, E2, and En indicate the number of normal seedlings that emerged in the first count, the second count and the last count, respectively. N1, N2, ... Nn indicate the number of days from sowing to first, second and last count, respectively.
Isoenzyme electrophoresis
Assessing the activities of esterase enzymes, superoxide dismutase, alcohol dehydrogenase, isocitrate lyase and superoxide dismutase was carried out at the Central Seed Laboratory of the Universidade Federal de Lavras -UFLA in June 2014.
Treated seeds of both cultivars (IPR Colibri and IPR Campos Gerais) (50 seeds in each treatment) were maintained for 24 hours in a germination chamber at 25°C with a photoperiod of 12h/light on germitest paper rolls. They were then macerated in a mill in the presence of liquid nitrogen and the antioxidant Polyvinyl pirrolidone (PVP) according to the methodology described by Muniz et al. (2007) .
Here, 100 mg of crushed sample was used, to which 300 µl of 0.2M Tris-HClpH 8, extract and 0.1% beta-mercaptoethanol was added (MENEZES et al., 2008) . The mixtures were vortexed and kept in the freezer at -84°C, and subsequently centrifuged at 21910.2 g for 30 minutes at 4 °C (MUNIZ et al., 2007) .
The electrophoretic run was developed in polyacrylamide gels of 7.5% (separating gel) and 4.5% (concentrator gel). The gel buffer/electrode system used was 0.2 M Tris-HCl pH 8, to which 50μl of bean samples were applied and runs were made at 150v for 4 hours. After the run, the gels were revealed to the enzymatic system according to the methodology of Alfenas et al. (1996) .
Experimental design and statistical procedures
A total of 2800 carioca bean seeds were distributed in a completely randomized design (CRD), with seven treatments (cultivars) and four replicates of 50 seeds per experimental unit, to evaluate the electrical conductivity, germination percentage, first count of germination and tetrazolium test.
For the analysis of the seven cultivars, data from tetrazolium, % germination and first count of germination were adjusted using binomial distribution. In turn, it was considered that the electrical conductivity data followed a normal probability distribution.
For viability assays and vigor after treatment with essential oil, a total of 8400 bean seeds were used, distributed in CRD to first count, % germination and germination speed index (GSI), and in a randomized block design (RBD) for % of emergency and emergency speed index field (ESI).
A factorial scheme (2x7) was used, with fourteen treatments, eight replicates and 50 seeds per treatment. The treatments consisted of combinations of bean cultivars (Colibri and Campos Gerais) and seven classes of structured factor (SF), composed of: SF1: 0% essential oil of moringa (EOM) or control treatment; SF2: 0.1% EOM; SF3: 0.2% of EOM; SF4: 0.4% of EOM; SF5: 0.8% of EOM; SF6: Fungicide and SF7: bactericide.
The statistical model used was: Y ijk = m + C i + FE j + CFE ij + e ijk , where, Y ijk = average note in class i bean cultivars, j structured factors and k repetitions; m = general average; Ci = Effect of cultivating; i = (1, 2); EjF = structured factor effect; j = (1, 2, 3, 4, 5, 6 and 7); CFEij = interaction effect of farming with the structured factor and Eijk = random error associated with each observation ijk.
After treatment of the seed data from the data from % germination, GSI, ESI and first count were adjusted using binomial distribution, while for ESI the adjustment was made by the normal probability distribution.
The following statistical analysis was performed using Bayesian inference. Multiple comparisons were made between the posterior distributions of proportions and considered different at the 5% level of significance factor classes whose credibility intervals for the mean differences did not include zero.
Obtaining the marginal posterior distributions for all parameters was performed using the R program Brugs package (R DEVELOPMENT CORE TEAM, 2007). Iteratively, 400,000 values were generated by an MCMC (Chain Monte Carlo Markov) process, considering a sampling discard (burn) of 40,000 heels with two initial values, i.e. the sample size was 200,000 chains of generated values. The convergence of the chains was verified by the CODA program package R, by the criteria of Heidelberger and Welch (1983) , together with the Geweke criterion.
Results and Discussion

Germination and vigor of seeds treated with essential oil
The results for percentage of common bean seed germination of cultivars Colibri and Campos Gerais treated with essential oil of moringa are shown in Table 2 . The best germination percentage in the Colibri cultivar was found in the seeds that received a dose corresponding to 0.4% EOM; no statistical differences were seen between treatments with 0.0 and 0.2% EOM and fungicide. In turn, treatment doses of 0.1 and 0.8% EOM and bactericide had the lowest percentage of germination.
Even with the reduction in germination observed as a function of treatment with 400μl of essential oil (0.8% EOM), it was noted that the seeds had good germination potential (over 90%), meeting the minimum requirements for marketing required by MAPA (BRASIL, 2005) .
With cultivar Campos Gerais, a dose of 0.8% EOM was statistically higher than otherdoses of 0.0, 0.1 and 0.2% EOM as well as treatment with bactericide. Noteworthy, the control treatment showedless germination than seeds treatment with essential oil, suggesting that chemical components present in the essential oil of moringa may have acted to stimulate seed germination, confirming the results of An et al. (1993) , who reported that at low concentrations of plant allelochemicals, they can act as a stimulator.
This stimulus was also observed by Steffen et al. (2010) in eucalyptus essential oil on the germination and initial growth of Eucalyptus grandis seedlings, as well as by Mairesse (2005) , who observed stimulation of lettuce seed germination treated with marcela extract and grass vine.
The highest percentage of germination due to the essential oil, presented by the Colibri cultivar, can be related to the fact that this cultivar presented better germination in the initial analysis.
The responses observed to the stimulus on germination followed by a decrease as a function of the doseof essential oil observed in the Colibri cultivar, and the increments observed in Campos Gerais germination, may suggest allelopathy, since this is described as a combination of inhibitory and stimulatory chemical interactions, such as one plant over another through chemical compounds. However, the chemical composition of the moringa essential oil did not indicate large levels of allelopathy; its chemical composition includes only small percentages of monoterpenes (3.77%), and sesquiterpenes (9.15%).
Present in high proportions in the essential oil (values above 60%), according to Weidenhamer et al. (1993) , terpenes are potentially a function of allelopathic agents that can cause extensive damage to cell membranes and respiratory processes; Paudel and Gupta (2008) stated that the regulation of hydrolytic enzymes is essential for the occurrence of germination, thus demonstrating that the presence of the compound alone is not sufficient, but that it must be at a precise amount to cause physiological or biochemical damage.
Linalool in the essential oil of moringa was also quoted by Rosado et al. (2009) to be responsible for the phytotoxic effect observed in tomato seedling, lettuce and melissa; however, this chemical component composes more than 78% of the essential oil of Ocimum basilicum.
Thus, we emphasize that even if the seed makes contact with the treatment for a short period of time (three minutes), the essential oil has the ability to engage its integument; during soaking, in the same way as in the germination process, its components are able to diffuse to the cotyledons and cause changes that result in different germination rates.
Changes in germination patterns reflect changes in entire metabolic pathways and processes that are considered important for the development of the embryo, directly affecting ontogenesis (FERREIRA; AQUILA, 2000) . These changes may be related to effects on the permeability of membranes, transcription and translation of genetic material, enzymatic reactions and cellular respiration (RIZVI; RIZVI, 1992).
For Isman et al. (2001) , substances derived from the secondary metabolism of the plant and present in the essential oil can act to inhibit the germination of plants, among other functions, among which may be included stimulus. However, despite being influenced, according to Ferreira and Aquila (2000) , germination is the stage of plant development that is least sensitive to the action of allelochemicals.
There were differences in the germination behavior of the cultivars due to the use of different doses of moringa essential oil (Table 2) . Except for the dose with 0.8% EOM, the Colibri cultivar was statistically superior to Campos Gerais with respect to germination percentage. Moreover, it also showed higher percentages of germination and vigor in analyses that initially characterized the bean cultivars (Table 1) , justifying the differences found in the percentage of seed germination with essential oil use. However, it can be observed that the less vigorous seeds (Campos Gerais) responded better to the essential oil components, considering that there were higher percentages compared to the control treatment. Nevertheless, Mazzafera (2003) reported that the effect on the seeds could be less vigorous.
It is emphasized that the resistance or tolerance of metabolites present in essential oils is specific, existing in species that are more or less sensitive than others; in this case, while working with the same kind, there was no difference in response between cultivars.
The vigor (first count of germination and germination speed index) of bean seeds due to the use of different doses of essential oil of moringa, fungicide and antibiotics is shown in Table 3 . Proportions followed by different lowercase letters in the column and uppercase in line are statistically different by Bayesian comparisons, at 5% probability; EOM: essential oil of moringa.
The best results for first count (%) for the cultivar Colibri were observed with the fungicide treatment and the dose corresponding to 0.4% EOM, which was statistically superior to the control treatment. This same dose also gave the best germination rates, as shown in Table 2 , as well as the best GSI.
With the Campos Gerais cultivar, the doses corresponding to 0.8% EOM and bactericide, respectively, resulted in the highest and lowest percentage for first count. The highest essential oil dose (0.8%) increased the values of force of the bean seeds, as it showed a statistically significant higher result than the control treatment for the parameters first count and GSI.
This increase in the vigor of the treated seeds may be related to the antimicrobial activity of the essential oil of moringa, since the presence of pathogens in seeds directly affects force (ZORATO; HENNING, 2001), thus justifying the low seed vigor of treatments without the essential oil. Carvalho et al. (1999) stated that seeds predisposed to the action of microorganisms, when treated, reduce the survivability of pathogens and enhance their germination and vigor. Ferreira and Borghetti (2004) pointed out that the allelochemicals of essential oil can often act on seed vigor (germination speed or some other parameter)
confirming the results obtained in this experiment and also the results observed by Araújo Neto et al. (2012) , where the essential oil of anise (Pimpinella anisum) at a concentration of 2.5% provided the highest percentage of germinated seeds of the first count.
With the exception of treatments with fungicide and bactericide on the Campos Gerais cultivar, the results were statistically higher than with Colibri for first count of seeds treated with essential oil of moringa , accentuating its effect on the less vigorous seeds.
The effect of the treatments containing essential oil of moringa, bactericide and fungicide was also evaluated in emergency bean seedlings and is illustrated in Figures 1 (emergency percentage) and 2 (emergency speed index).
Concerning the emergency % (Figure 1 ) after treatment with different doses of EOM, this did not differ significantly for the Colibri cultivar. However, the results were statistically higher than those of the control treatment and bactericide and statistically equal to treatment with fungicide. It was observed that the essential oil of moringa and fungicide were equally effective in maintaining the viability of the seeds under real conditions in the field, ensuring fast crop establishment. For the GSI shown in Figure 2 , it is observed that there was no statistical difference between the treatments for the Campos Gerais cultivar, unlike the cultivar Colibri, where the control and bactericidal treatments differed from the others.
As to the effect of the essential oil on the cultivars, there was a statistical difference in the percentage of emergence with treatments 0.2%, 0.4%, and 0.8% EOM and fungicide only on the Colibri
With seeds of the Campos Gerais cultivar, there was no effect of the different treatments on the percentage of seedlings in the field. This result differs from the results obtained for germination and IVG, where certain doses of essential oil from moringa were responsible for lower averages. According to White et al. (1989) , it can be difficult to characterize allelopathy and its true impact unless factors of plant, soil and microorganisms are taken into account. For this reason, many authors agree that one cannot extrapolate the results found in the laboratory to the field (SILVA et al., 2006) .
For the GSI shown in Figure 2 , it is observed that there was no statistical difference between the treatments for the Campos Gerais cultivar, unlike the cultivar Colibri, where the control and bactericidal treatments differed from the others.
As to the effect of the essential oil on the cultivars, there was a statistical difference in the percentage of emergence with treatments 0.2%, 0.4%, and 0.8% EOM and fungicide only on the Colibri cultivar. Means followed by the same lowercase, in the left block of the bar, and means followed by the same uppercase, in the same color bars, do not differ; Means followed by an asterisk, in the block right bars, are different in relation to SF2 by Bayesian comparisons, at the 5% probability; EOM: essential oil moringa 6,58aA 7,90aA 7,93aA 7,72aA 7,61aA 7,64aA 6,65aA
7,29A 7,48A 6,90A 6,58A 7,54A
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Isoenzyme electrophoresis
The enzyme systems of bean seeds subjected to treatment with different doses of essential oil of moringa, fungicide and bactericide were revealed for esterase (EST), isocitrate lyase (ICL), alcohol dehydrogenase (ADH) and superoxide dismutase (SOD); these are presented Figure 3 .
By zymogram of esterase enzyme (Figure 3a) , we observed lower expression in the treatments on the Campos Gerais cultivar with 0.8% OEM and fungicide, and on the Colibri cultivar in treatments with bactericide, fungicide, 0.0 and 0.4% OEM. This result differs from that found by Muniz et al. (2007) , who reported no changes in the activity of esterase under different sedge extract concentrations during the germination of bean seeds. The esterase enzyme system presents with monomeric variants or as dimeric with a high level of variability, being one of the most polymorphic systems in plants (WEEDEN; WENDEL, 1990) . Changes in the patterns of this enzyme are evidence of the occurrence of deteriorative events, considering their involvement in ester hydrolysis reactions, and can be directly linked to lipid metabolism and degenerative processes in membranes (SANTOS et al., 2004) ; therefore, its low expression may lead to a reduction in seed germination, according to Basavarajappa et al. (1991) .
The 0.8% EOM doses on the Campos Gerais cultivar and 0.4% EOM on the Colibri cultivar possibly acted as antioxidants, preventing deteriorative events related to the metabolism of lipids, which is in line with the germination tests (Table 2) , where the same treatments yielded the highest percentage of germination. In turn, where there was hgher expression of enzyme bands for both cultivars, there was greater lipid peroxidation and consequently the lowest percentage of germination.
The antioxidant activity of moringa was cited by Sreelatha and Padma (2009) . In the study conducted by the authors, an aqueous extract of the leaves of this plant showed a strong killing effect on superoxide radicals, nitric oxide radicals and the inhibition of lipid peroxidation.
Note that variations in the electrophoretic profile of this enzyme are also related to the seed association of microorganisms, as noted by Brandão-Junior et al. (1999) , who observed the appearance of new bands due to the action of fungi in storage corn seeds.
Regarding the expression of the enzyme isocitrate lyase (ICL) (Figure 3b) , there was less expression in the treatments with the bactericidal and 0.8% EOM onthe Campos Gerais cultivar and 0.1 and 0.8% EOM in the case of the Colibri cultivar. This enzyme, together with malate synthase, is related to legumes, the conversion of carbohydrates into lipids through the glyoxylate cycle. The transformation of lipids into sucrose by the enzyme is important in the germination process (MAYER; POLJAKOFF-MAYBER, 1989 ).
The reduced enzyme activity observed in these treatments is related to seed vigor, since they had lower GSI. This fact confirms the suggestion of Martins et al. (2000) that an increased activity in this enzyme may be related to more vigorous seeds.
The enzyme alcohol dehydrogenase (ADH), observed in Figure 3c , is a dimeric enzyme according to Pasteur et al. (1988) that acts in the respiratory process, removing toxic substances to seeds such as the acetaldehyde and ethanol produced when cells start to breathe anaerobically (FARIA et al., 2003) .
The ADH system showed low polymorphism in seeds of the Campos Gerais cultivar, revealing the presence of three bands in three regions of activity depending on the processing undergone. Both the intensity and number of bands changed due to treatment with the essential oil, fungicide and bactericide.
Region 1 showed greater migration and lower molecular weight bands with all treatments. However, with the 0.8% dose and fungicidal EOM, there was significantly different expression compared to the control treatment, which, together with the lower dose of essential oil (0.1%), had two bands (regions 1 and 2). Region 3, with the highest molecular weight band, was present only for treatments with 0.4% EOM, fungicide and bactericide.
In the Colibri cultivar, bands for ADH were present and distributed in two regions (1 and 3) for the control treatment, 0.1% EOM and fungicide, and bands in only a single region (1) for treatments with 0.2, 0.4 and 0.8% EOM, varying in intensity and differentiated from the control treatment. The reduced expression occurred in the treatments with 0.2% and 0.4% EOM, indicating reduced activity of the enzyme in essential oil function.
With respect to the essential oil doses, it is noted that these changes are responsible for the molecular forms of ADH. Given its protective function against acetaldehyde, which accelerates the deterioration of seeds, it is inferred that the reduced intensity of the bands observed in treatments above in both cultivars may be related to lower anaerobic respiration activity; simultaneously, such treatments also had the highest germination rates ( Table 2 ).
Considering that, during the germination process, the respiratory metabolism and β-oxidation are the main sources of reactive oxygen species (ROS), due to the fact that plant photosynthesis may not be independent (XI et al., 2010) , pronounced SOD activity was observed (Figure 3-D) in all treatments, with little increase in seeds from the control treatment and bactericide(Campos Gerais) or in those receiving the 0.8% OEM dose and bactericide (Colibri). The small variation observed may also be related to the fact that the enzyme is present in organelles such as mitochondria and chloroplasts, as well as the cytoplasm, which confer stability to the enzyme (NEWTON et al., 1999) .
This enzyme catalyzes the conversion of the free radical superoxide (O2 -), produced at different locations in the cell, to molecular oxygen and H 2 O 2 (RABINOWITCH; FRIDOVICH, 1983).
Harter et al. (2014) reported that an increase in superoxide production causes difficulties in germinating seeds normally. This fact corroborates the results of this work, as the treatments in which there was a greater expression of SOD were associated with the lowest percentage of germination in both cultivars.
Conclusion
The essential oil of Moringa oleifera at a rate of 0.4% was able to promote the highest average germination, emergence and vigor of bean seeds of the Colibri cultivar. However, the highest dose used (0.8%) was phytotoxic, accounting for a reduction in physiological quality (% G, first count and GSI).
The Campos Gerais cultivar that had an evaluation of initial quality, low vigor and germination, suffered the greatest influence of essential oil doses, stimulating germination and ensuring greater force to the seeds.
